A new series of N-oxydihydropyrrole derivatives was synthesized and evaluated for insecticidal activity against Nilaparvata lugens and Myzus persicae. Various substituents were introduced to the 1-position of the dihydropyrrole ring, and the derivatives obtained exhibited systemic and W or contact insecticidal activity. The structure-activity relationship revealed that small alkyoxy and alkoxyalkoxy groups were more favorable than alkylcarbonyloxy, alkoxycarbonyloxy, or sulfonyloxy groups as substituents at the 1-position.
Crop damage by insects remains a serious problem to modern agriculture. The organophosphates, carbamates, pyrethroids, and several other classes of insecticides have been used so intensively worldwide that signiˆcant insect resistance to them has emerged. In addition, a growing social awareness of residual agrochemicals in the environment underlines the need for the development of novel, highly potent, target-selective, and environmentally innocuous insecticides with low mammalian toxicity. 1) Hemiptera pests such as the brown rice planthopper ( Nilaparvata lugens), green rice leafhopper ( Nephotettix cincticeps), green peach aphid ( Myzus persicae) and cotton aphid ( Aphis gossypii ) are sucking insects that pierce a plant and suck its sap. The plant is often blighted, or at the very least, its market value is reduced. These pests are usually di‹cult to combat with chemicals because of their rapid multiplication, and chemical-resistant strains frequently emerge. Thus, for a compound to be eŠective against these insects, it needs to have a novel mode of action as well as a systemic property.
Of particular interest to us in this regard were the recent reports by Bayer on new types of 5-membered heterocyclic compounds (1) [2] [3] [4] [5] (Fig. 1 ) with high insecticidal and W or acaricidal activities against a wide range of economically important pests such as hemiptera, lepidoptera, coleoptera and acarina. We conˆrmed their high insecticidal potency in our own tests and found a systemic property as well. These compounds were structurally characterized by the enolated 1,3-diketone in the 5-membered ring system-a system whose insecticidal action has not previously been explored and is thus expected to provide a new mode of action.
The forgoing considerations prompted us to explore new types of 5-membered heterocyclic compounds containing the 1,3-diketone moiety in the search for highly eŠective insecticides against sucking insects. Regarding part Z in the general structure of 1, Bayer has already patented systems with Z＝O, 2) S, 3) CR1R2 (R1,R2＝alkyl groups, etc.) 4) and NR3 (R3 ＝H, alkyl groups, etc.). 5) In our own experiments, the introduction of an ethyl group to the nitrogen atom of the dihydropyrrole ring (2b) resulted in a clear decrease in inseticidal activity when compared to that of the original Z＝NH derivative (2a). This suggests that part Z plays an important role in the insecticidal action. We then became interested in the introduction of an N-oxy substituent to the Z part because such a structure (3) has scarcely been synthetically explored.
To our knowledge, compounds 4 6) and 5 7) are the only reported N-oxydihydropyrrole derivatives with a 1,3-diketone moiety, but neither has been examined for its biological activity. In addition, there has been no report on an N-oxydihydropyrrole derivative that contains a substituted phenyl group at the 3-position of the dihydropyrole ring as illustrated in the structure 3. Therefore, the preparation and biological evaluation of the new N-oxydihydropyrrole derivatives (3) are biologically and synthetically a challenging task.
On the other hand, Bayer's series of compounds has also been reported to have herbicidal properties to inhibit acetyl-CoA carboxylase, 8, 9) and high phytotoxicity was actually demonstrated in our own test. Thus, another important objective of the present work is to explore the possibility of reducing the phytotoxicity by conversion.
We report in this article the outcome of synthetic and biological studies that were undertaken to investigate the eŠects of modifying the 1-position of the structure (3) on both the systemic and contact insecticidal activities against N. lugens and M. persicae. We also look brie‰y at the phytotoxicity of the modiˆed compounds.
Materials and Methods
Synthetic procedure. General. All melting point (mp) data are uncorrected. IR spectra were measured by a Perkin-Elmer 1600 spectrometer. H-NMR spectra were recorded at 200 MHz with a Varian Gemini 200 spectrometer, using tetramethylsilane as an internal standard. Mass spectra (MS) and high-resolution mass spectra (HRMS) were obtained with JEOL JMS-D300 and VG Auto Spec M mass spectrometers. (Fig. 2) . Mesitylacetyl chloride 10) (8, 200 .0 mg, 1.02 mmol) was added to a stirred solution of ethyl 2-methoxyamino-2-methylpropionate 11) (7, 161.2 mg, 1.0 mmol), 4-dimethylaminopyridine (DMAP; 5 mg, 0.04 mmol) and Et3N (0.15 ml, 10.8 mol) in CH2Cl2 (5 ml) at 09 C, and the mixture was stirred at the same temperature for 1 h. The reaction mixture was poured into water, and the aqueous layer was extracted with CH 2 Cl 2 . The combined organic layer was washed with brine, dried with anhydrous magnesium sulfate (MgSO4), and concentrated under reduced pressure to an oil. Treatment of this oil by silica gel column chromatography (EtOAc W hexane, 1:10) yielded the title compound (9, (Fig. 3) . A solution of mesitylacetyl chloride (8, 8 .70 g, 44.0 mmol) in EtOAc (40 ml) was added dropwise to a stirred two-phase solution of ethyl 2-hydroxyamino-2-methylpropionate 12 12,13,14) (5.90 g, 40.1 mmol) and NaHCO3 (3.70 g, 44.0 mmol) in EtOAc (60 ml) and water (40 ml) at ca. 09 C. After stirring the mixture at ambient temperature for 3 h, the organic layer was separated, washed with brine, dried (MgSO4), and concentrated under reduced pressure to a brownish oil. Treatment of this oil by silica gel column chromatography (EtOAc W hexane, 1:4) yielded the desired title compounds (13, 5.46 4-Hydroxy-3-mesityl-1-methoxymethoxy-5,5-dimethyl-1,5-dihydro-2H-pyrrol-2-one (16i). NaH (a 60z dispersion in mineral oil, 1.11 g, 27.8 mmol) was added to a stirred solution of 13 (8.10 g, 26.4 mmol) and chloromethyl methyl ether (2.01 ml, 26.4 mmol) in DMF (80 ml) at 09 C, the reaction mixture being stirred at the same temperature for 2 h and then at ambient temperature for 2 h. DMF (80 ml) and t-BuOK (3.60 g, 32.1 mmol) were added to the reaction mixture at ambient temperature, and the resulting mixture was stirred at the same temperature for 2 h. The mixture was poured into water, and the resulting mixture was washed with ethyl ether, acidied to ca. Compounds 16a-h and 16j-l were synthesized in the same manner, their physical and spectral data being listed in Table 1 . (Fig. 4) . 3,3-Dimethylbutyryl chloride (0.09 ml, 0.65 mmol) was added to a stirred solution of 16i (147.0 mg, 0.48 mmol) and Et 3 N (0.115 ml, 0.83 mmol) in CH2Cl2 (2 ml) at 09 C, and the mixture was stirred at the same temperature for 2 h. The reaction mixture was poured into water, and the aqueous layer was extracted with CH2Cl2. The combined organic layer was washed with brine, dried (MgSO 4 
1-Hydroxy
Trimethylsilyl bromide (TMSBr; 11.4 ml, 86.4 mol) and 3A molecular sieves (ca. 1 g) were added to a stirred solution of 18 (3.47 g, 5.60 mol) in CH 2 Cl 2 (20 ml) at 09 C, and the resulting mixture was stirred at the same temperature for 4 h. The reaction mixture was poured into water, and the aqueous layer was then extracted with CH2Cl2. The combined organic layer was washed with brine, dried (MgSO4), and concentrated under reduced pressure to a solid. 4-Mesityl-1-methoxycarbonyloxy-2,2-dimethyl-5-oxo-2,5-dihydro-1H-pyrrol-3-yl 3,3-dimethylbutanoate (20g). Methyl chloroformate (0.05 ml, 0.65 mmol) was added to a stirred solution of 19 (161.0 mg, 0.45 mmol) in CH2Cl2 (1.5 ml) and Et3N (0.10 ml, 0.72 mmol) at 09 C, and the mixture was stirred at ambient temperature for 1 h. The reaction mixture was poured into water, and the aqueous layer was extracted with CH2Cl2. The combined organic layer was washed with brine, dried (MgSO4), and concentrated under reduced pressure to a syrup. Compounds 20c-f, 20h and 20i were synthesized in the same manner, their physical and spectral data being listed in Table 2 .
Biological tests. Insecticidal tests. Both systemic and contact tests were conducted against N. lugens and M. persicae.
Each compound was formulated as an emulsiˆable concentrate (EC), and was then diluted with water containing a surfactant (Gramin-S; 0.01z v W v) to give the active ingredient (AI) concentration required to assess the activity level. The activity ratings are expressed by aˆve-point index (0, 1, 2, 3, and 4) corresponding to 0-29z, 30-59z, 60-89z, 90-99z and 100z mortality.
Tests against N. lugens. Systemic test. The test solution (30 ml) was poured into a conical test unit (4 cm diam.×15 cm high). Four rice seedlings were then positioned in the unit by a notched sponge disk that supported the stems and prevented insects from contacting the solution. The rice seedlings were allowed to absorb the compound from the solution for 3 h in a growth chamber held at 259 C and 60z relative humidity. Ten thirdinstar nymphs of N. lugens were then transferred to the test unit. The test units were held in the growth chamber under long-day (16L W 8D) conditions at 259 C and 60z relative humidity. Two replicates were made for each solution tested. Counts were taken of the number of live and dead insects 5 days after the treatment, the immobile insects being counted as dead.
Contact test. Four rice stems were immersed in the solution for 20 s. After drying, the stems were transferred to a glass tube (2 cm diam.×10 cm high) with a small amount of water. Ten third-instar nymphs or adults of N. lugens were released into the tube and kept there at 259 C and 60z relative humidity under long-day (16L W 8D) conditions. Two replicates were made for each solution tested. Counts were taken of the number of live and dead insects 5 days after the insect release, the immobile insects being counted as dead.
Tests against M. persicae. Systemic test. Brassica campestris, a type of Chinese cabbage, was cut at the stem and infested withˆve adult M. persicae on the leaves. After 2 days, all of the adults were removed and the number of remaining larvae was counted. The cut edge was soaked in the test solution in a ‰ask, and the whole test unit was held in a growth chamber under longday (16L W 8D) conditions at 259 C and 60z relative humidity. Two replicates were made for each solution tested. Counts were taken of the number of live and dead insects 5 days after the treatment, the immobile insects being counted as dead.
Contact test. Brassica campestris was cut at the stem and infested withˆve adult M. persicae on the leaves. After 2 days, all of the adults were removed and the number of remaining larvae was counted. The leaves were sprayed with the test solution, and the whole test unit was held in a growth chamber under long-day (16L W 8D) conditions at 259 C and 60z relative humidity. Two replicates were made for each solution tested. Counts were taken of the number of live and dead insects 5 days after the treatment, the immobile insects being counted as dead.
Phytotoxicity evaluation. Compounds were formulated as EC and sprayed in a post-emergence glasshouse test for rice (Oryza sativa) and cucumber (Cucumis sativus) seedlings at doses of 100 ppm and 50 ppm, respectively. Damage to the plants was visually assessed 7 days after treatment by comparing with untreated plants, using a scale of 0 to 4, where 0 indicates no damage and 4 indicates complete killing.
Results and Discussion
Preparation of the compounds The synthetic routes 14) to prepare the N-oxydihydropyrrole derivatives are shown in Figs. 2-4 . N-Methoxy derivative 10 was synthesized as shown in Fig. 2 . Ethyl 2-methoxyamino-2-methylpropionate (7) (prepared from ethyl 2-bromoisobutylate (6) and N-methylhydroxylamine by the reported method 11) ) was acylated with mesitylacetylchloride (8) 10) to give N-methoxy amide intermediate 9, which was subsequently cyclized to 10 by a treatment with potassium tert-butoxide (t-BuOK).
We obtained a series of derivatives (16a-l) having various substituents at the 1-position through useful N-hydroxy intermediate 13, as shown in Fig. 3 . Starting material 6 was converted to ethyl 2-hydroxyamino-2-methylpropionate (12) 12,13) via nitro compound 11 by the method reported previously by our group. 14) Next, 12 was reacted with mesitylacetyl chloride (8) to give N-acylated intermediate 13 under two-phase reaction conditions. 14) After alkylating the hydroxy group of 13 with a variety of alkylating reagents, the resulting intermediate (15) could be cyclized in one pot by a treatment with t-BuOK, thereby yielding the corresponding cyclized products (16a-l) with various substituents at the 1-position (Table 3) .
In an attempt to prepare a derivative that bears the methoxycarbonyloxy substituent at the 1-position, we applied the foregoing ring-construction method to intermediate 17 by treating with t-BuOK or several other bases, but could not obtain any cyclized product.
As an alternative, we decided to introduce the methoxycarbonyloxy group to the 1-position after the parent dihydropyrrole ring had been constructed, surmising that intermediate 19 carrying a hydroxy group at the 1-positionˆtted this purpose. Compound 19 was prepared from 16i through acylation of its hydroxy group (18, 69z yield) and subsequent removal 15) of the methoxymethyl group by trimethylsilyl bromide (TMSBr) to give 19 in a 69z yield, as shown in Fig. 4. 14) The hydroxy group of 19 could be modiˆed by a wide range of reactions such as acylation, alkoxycarbonylation, alkylation, carbamoylation and sulfonylation to yield various corresponding N-oxydihydropyrrole derivatives (20a-i; Table 3 ). Table 3 shows the insecticidal activities of the Noxydihydropyrrole derivatives assessed by both systemic and contact tests against N. lugens and M. persicae. In these tests, the aŠected insects died before or during ecdysis without completing molting. This symptom is unique, and the mode of action of this compound might be unknown.
Biological activity
In the tests against N. lugens, N-methoxy deriva- tive 10 demonstrated the highest systemic potency, exerting complete control at 1 ppm. The derivatives with R＝2-propynyl (16e) and methoxyethyl (16j) maintained a high level of systemic activity, while the other alkyl and alkoxyalkyl derivatives (16a-d, 16g-i, 16k, and 16l) were moderately or weakly active. The introduction of the tetrahydro-2-furanylmethyl group (16f) resulted in a total loss of systemic activity at 1 ppm. The derivatives with R＝hydrogen (19) and cyanomethyl (20b) were only moderately active, but the introduction of acyl, methoxycarbonyl, carbamoyl or sulfonyl substituents (20d-20i) did not improve the systemic activity. It is interesting to note that the ethoxymethyl derivative with 3,3-dimethylpropionyloxy at the 4-position (20c), a compound devoid of any systemic activity at 1 ppm, exhibited the highest contact e‹cacy among the compounds tested, exerting complete control over the insects at 1 ppm. Other 4-(3,3-dimethylpropionyloxy) derivatives with R＝hydrogen (19), methyl (20a) and cyanomethyl (20b) maintained a high level of contact activity, while the derivatives with R＝methoxy-methyl (18), acetyl (20d) and methoxycarbonyl (20g) were only moderately active. The 4-hydroxy derivatives (10 and 16a-16l) showed only moderate or weak contact activity.
In the tests against M. persicae, the derivatives with R＝methoxymethyl (16i), methoxyethyl (16j) and (2-methoxyethoxy)methyl (16k) were highly active in the systemic condition, exhibiting complete control at 0.1 ppm. The methoxymethyl derivative with the 3,3-dimethylbutyryloxy group at the 4-position (18) was also highly active in the systemic test. The other derivatives were only moderately or weakly active, and several compounds (16h, 19, 20a and 20d-i) totally lost their systemic potency at 1 ppm. It is noteworthy that the alkoxyalkyl derivatives with the 3,3-dimethylpropionyloxy group at the 4-position (18 and 20c) showed high contact activity, controlling the insects completely at 1 ppm. Methoxymethyl derivative 16i, a 4-hydroxy version of 18 with very high systemic activity, was much less eŠective than 18 at 1 ppm in the contact tests. Among the others, the derivatives with R＝allyl (16d) and cyanomethyl (20b) were comparatively active in the contact tests. The rest of the derivatives showed only weak or total loss of contact activity. Table 3 also includes the results of a phytotoxicity evaluation of the derivatives against rice and cucumber seedlings. While the insecticidally active derivatives tended to show some phytotoxicity, compounds 20b and 20c had lower phytotoxicity against rice without the loss of insecticidal activity against N. lugens, and compounds 16a, 16b, 16d and 16e were quite safe for cucumber with high insecticidal activity against M. persicae. These examples suggest that it may be possible to achieve high insecticidal e‹cacy without exerting any serious phytotoxic eŠect.
In conclusion, we designed a new series of insecticidal N-oxydihydropyrrole derivatives and developed three routes to produce them. Structure-activity relationships against N. lugens and M. persicae indicated that small alkyl and alkoxyalkyl groups were suitable as R, whereas acyl, sulfonyl, and carbamate groups tended to decrease the insecticidal activity. Several compounds exhibited high insecticidal activity with signiˆcantly low phytotoxicity. These preliminary results could be a useful guide for further modiˆcation of the other parts of the dihydropyrrole ring in the development of a potential insecticide.
